Phyllanthus emblica L. (Euphorbiaceae) is a shrub or tree growing in subtropical and tropical areas of the People's Republic of China, India, Indonesia, and the Malay Peninsula. The whole plant, especially the fruit has been used as an antiinflammatory and antipyretic drug in many local traditional medicines: Chinese herbal medicine, Tibetan medicine, and Ayurvedic medicine.
respectively. In addition, correlations of a doublet methine proton at d 5.55 (H-2) with the C-1 and the carboxyl carbon (d 166.7) of galloyl group indicated that 2 was a 2-O-gallate of 2,3,4,5-tetrahydroxyladipic acid (mucic acid) dimethyl ester. The dimethyl ester was obtained by hydrolysis of 2 with tannase and identified as mucic acid dimethyl ester by direct comparison with an authentic sample. Accordingly, the structure of 2 was established as mucic acid dimethyl ester 2-O-gallate.
Compounds 3 and 4 showed the same (MϩH) ϩ ion peak at m/z 377 in the positive-ion FAB-MS, which was 14 mass units less than that of 2 and suggested the lack of a methoxyl group. The 1 H-and 13 C-NMR spectral data of 3 and 4 closely resembled those of 2, except for the absence of one of the two methoxyl signals. The presence of a mucic acid core in their molecules was confirmed by tannase hydrolysis followed by methylation affording mucic acid dimethyl ester. In the HMBC spectra of 3 and 4, H-2 (d 5.58 for 3, d 5.55 for 4) was correlated with C-1 (d 170.6 for 3, d 170.2 for 4) and the carboxyl carbon of galloyl group (d 166.2 for 3, d 166.3 for 4). However, the methoxyl proton (d 3.71) of 3 was correlated with the C-6 (d 174.6), while the methoxyl proton (d 3.73) of 4 was coupled with the C-1 (d 170.2). This observation indicated that these two compounds were positional isomers differing in the location of their methoxyl group. Hence, the structures of 3 and 4 were established as mucic acid 6-methyl ester 2-O-gallate (3) and mucic acid 1-methyl ester 2-O-gallate (4), respectively.
The molecular formula of compound 5 was assigned as C 13 H 14 O 12 based on the 13 C-NMR spectral data, the negativeion FAB-MS [m/z 361, (MϪH) Ϫ ], and elemental analysis. Chemical shifts and coupling patterns of the 1 H-NMR spectrum of 5 as well as its 13 C-NMR spectral data were very similar to those of 2-4, except for the absence of methyl signals, indicating that this compound is the free acid form of 2-4. Thus, the structure of 5 was determined as mucic acid 2-O-gallate.
Compound 6 was obtained as a white amorphous powder. (2H, s) ]. The composition of 6 was similar to that of 5; however, their chemical shifts and coupling constants were significantly different. The core alcohol of 6 was shown to be mucic acid because it became an equilibrium mixture with 5 in aqueous solution and even in the NMR sample tube (acetone-d 6 ϩD 2 O). The positive-ion FAB-MS of 6 showed the (MϩH)
ϩ ion peak at m/z 345, which was 18 mass units less than that of 5, indicating that 6 is a lactone form of 5. Among the above-mentioned four methine protons, two doublet signals at d 5.97 and 4.49 were assignable to H-2 or H-5 of the mucic acid core. In the HMBC spectrum, one of the doublet signals at d 5.97 was correlated with two carboxyl signals at d 171.0 and 166.5, the latter being assignable to the carboxyl carbon of the galloyl group, indicating that the galloyl group was located at this position. Furthermore, the chemical shift of the other doublet signal indicated that this position was not acylated. Since the lactone formation usually occurs at g (1,4-lactone) or d (1,5-lactone) position, this observation suggested that the mucic acid moiety in 6 existed as a 1,4-lactone form. Although locations of the two esters could not be determined by the HMBC experiment, this was achieved by comparison of the 1 H-NMR spectrum with that of D-saccharic acid 1,4-lactone (12), which is a C-4 epimer of mucic acid with the same relative configurations at C-2 and C-3 positions. The H-2 signal of 12 appeared as a doublet signal with large coupling constant (J 2,3 ϭ8.7 Hz, J 3,4 ϭ7.8 Hz, J 4,5 ϭ2.8 Hz), and the J value coincided with that observed for the methine signal at d 5.97 of 6 where the galloyl group was located. This indicated that the galloyl group of 6 was attached to the hydroxyl group adjacent to the lactone carbonyl carbon. Based on the above evidence, the structure of 6 was concluded to be mucic acid 1,4-lactone 2-O-gallate.
The 1 H-NMR spectrum of compound 7 was almost superimposable on that of 6, except for the appearance of an additional methyl signal at d 3.81(s). The positive-ion FAB-MS of 7 showed the (MϩH)
ϩ ion peak at m/z 359, which was 14 mass units more than that of 6, indicating the occurrence of a methyl group in 7. Accordingly, 7 was determined as mucic acid 1,4-lactone 6-methyl ester 2-O-gallate.
Compound 8 was obtained as a white amorphous powder. Its molecular composition C 13 H 12 O 11 was identical to that of 6. Coupling patterns of four methine signals observed in the 1 H-NMR spectrum were similar to those of 6; however, the Compound 9 exhibited the (MϩH) ϩ ion peak at m/z 359, and 1 H-NMR spectrum was very similar to that of 8 except for occurrence of an additional methyl signal at d 3.80, suggesting that 9 was the methyl ester of 8. Therefore, 9 was determined to be mucic acid 1,4-lactone 6-methyl ester 5-Ogallate.
Compound 10 was found to be an isomer of 6 and 8 by analysis of the These mucic acid gallates were unstable in the aqueous solution and became an equilibrium mixture. Actually, treatment of 2 with H 2 O/MeOH (4 : 1) at room temperature for 36 h afforded compounds 2-9, and 5 also gave a mixture of compounds 2-9 under similar conditions, confirming the equilibrium between these compounds (Fig. 1) . Taking the equilibrium into account, the fact that these gallates are optically active implied the occurrence of an enantiospecific galloylation at C-2 position of the optically inactive mucic acid in P. emblica. Interestingly, the mucic acid core of 8 corresponds to the enantiomer of 6.
Most of the methyl esters were probably artifacts generated during the separation; however, direct analysis of the 60% aq. acetone extract of the juice by TLC and HPLC indicated the occurrence of small amounts of the methyl esters. Because of the equilibrium, purification of the mucic acid gallates was extremely difficult, and the absolute configuration has not been determined. Although isolation yields were not high, HPLC analysis showed that compounds 5, 6, and 8 were the major phenolic constituents of the juice together with 1-O-galloyl-b-D-glucose, and these galloyl esters may play an important role as antioxidants in the juice together with vitamin C.
Experimental
Optical rotations were measured with a JASCO DIP-370 digital polarimeter.
1 H-and 13 C-NMR spectra were recorded with Varian Unity plus 500 and Varian Gemini 300 spectrometers operating at 500 and 300 MHz for Since most of the remaining compounds in this fraction were deduced to be salts and were not adsorbed by the chromatography, these compounds were combined and the aqueous solution was acidified to ca. pH 2. Repeated chromatography of the mixture over Sephadex LH-20 and Cosmosil 75C 18 OPN column gave compounds 1 (230 mg), 5 (400 mg), 4 (114 mg), 6 (122 mg), 7 (10 mg), 8 (141  mg), 9 (34 mg), 10 (15 mg), and chebulic acid (35 mg) Hydrolysis of 4 A solution of 4 (13.5 mg) in water (1 ml) was incubated with tannase (2 mg) at room temperature overnight. After evaporation in vacuo, the residue was dissolved in MeOH (2 ml) and treated with CH 2 N 2 /ether. The mixture was subjected to silica gel column with 
